The objective of this study was to examine how age at first marriage is related to the risk of developing cardiovascular diseases and cancer in later life. We analyzed longitudinal data from a nationally representative sample of 2129 older adults (born in the 1940s or earlier) in the National Social Life, Health, and Aging Project. We found that for men in this cohort, the age at first marriage that was related to the lowest risk of cardiovascular diseases (CVD) and cancer in later life was the early 30s; men who first married at either younger or older ages had significantly higher odds of experiencing CVD and cancer. Interestingly, for women in this cohort, the age at first marriage was not related to the risk of either CVD or cancer.
Introduction
People are getting married later than ever before [1, 2] . While this increase in age at first marriage is a well-documented demographic trend, the health consequences of delaying the age at first marriage are not fully understood. Research has found that, in general, delayed marriage has several advantages, particularly for college-educated women, in terms of socioeconomic achievement and marital stability [3, 4] . On the other hand, there are also potential costs related to delaying marriage (e.g., difficulties in assortative mating in the marriage market) [5, 6] . However, few studies have examined how the age at first marriage is related to the risk of development of chronic conditions in later life. Chronic diseases-such as cardiovascular diseases (CVD) and cancer-account for most deaths in the United States; and the risk of these conditions is much higher at older ages. Such age-dependent chronic diseases can severely damage quality of the life for the elderly and represent major barriers to healthy aging.
Previous studies on age at first marriage have focused primarily on the effects of early marriage on socioeconomic achievement, family stability, and mental health outcomes during young adulthood, suggesting that early first marriage, especially as a teenager, is related to worse outcomes during young adulthood [7, 8] . Less attention has been paid to the long-term effects of age at first marriage on physical health at older ages. Among the limited empirical studies, one study using data from the 1992-2006 Health and Retirement Study (HRS) found that late marriages were associated with a lower mortality risk, especially for older men, but found no significant associations for older women [9] . There is also evidence showing that, especially for more highly educated women, late marriage may be associated with positive outcomes such as greater likelihood of marital success and higher socioeconomic achievement [5] , which are likely to lead to better physical health and lower risk of chronic conditions in later life [10, 11] . Yet, other studies have found no evidence that late age at first marriage is related to either of these life outcomes [3, 4, 12] or to chronic disease onset in later life [13] . In this study, we examine how age at first marriage modifies individual life context, which, in turn, affects the risk of developing CVD and cancer in later life. We analyze a nationally representative longitudinal dataset drawn from the first two waves of the National Social Life, Health, and Aging Project (NSHAP) to address two research questions: (1) Is age at first marriage related to the risk of developing CVD and cancer in later life? (2) Are there gender differences in these linkages? The importance of this study is highlighted by the continued very high prevalence of CVD and cancer among older adults in the United States as well as the severe consequences of these conditions on healthy aging and quality of life.
Data and Study Sample
We used data from the first two waves of the National Social Life, Health, and Aging Project (NSHAP), a nationally representative longitudinal dataset. The NSHAP is one of the first national-scale, population-based studies of health and intimate relationships. The survey was conducted by the National Opinion Research Center (NORC, Chicago, IL, USA) at the University of Chicago. A nationally representative probability sample of community-dwelling individuals aged 57-85 was selected from households across the United States in 2004. African Americans, Latinos, men, and those 75-84 years old at the time of screening were over-sampled. The NSHAP is uniquely suited for the purpose of this study because of the rich data it provides on marital and family transitions, socioeconomic factors as well as health conditions in later life. All analyses are weighted. We used the survey data analysis commands (SVY) in Stata [14] to account for the clustering and stratification in the complex sampling design.
The first wave of the NSHAP (Wave 1) included a sample of 3005 adults aged 57-85 who were interviewed in 2005-2006 [15] . In-home interviews were conducted as well as lab tests and assays. Wave 2 consisted of 2261 Wave 1 respondents who were re-interviewed in 2010-2011 [16] . Our analytic sample included only the respondents who were interviewed in both waves. Compared with those who were interviewed in both waves, those who were lost to follow-up at Wave 2 were more likely to report poorer health, more chronic conditions, be older, and to have lower levels of education and family income. This suggests that our sample may have excluded respondents who were relatively more disadvantaged-indicating a potentially more conservative finding. Moreover, our sensitivity analysis (i.e., applying the approach developed by Heckman [17] ) to adjust the sample attrition biases suggested that our findings are robust with the correction for sample attrition due to loss to follow-up (See Liu and Waite [18] for similar applications). Given our interest in the age at first marriage, we further restricted our sample to 2129 respondents (1019 men and 1110 women) who were either currently married or previously married at Wave 1. A small number of respondents (n = 15) who reported marrying before age 14 were excluded due to the rare occurrence of marriage at such a young age. The results from additional analyses (not shown but available upon request) including these cases revealed no differences in the findings. In the final analyses, we also excluded a small number of respondents with missing values on the focal dependent variable in the specific model. Thus, the final sample size varied slightly across analyses of different dependent variables.
Measures
Age at first marriage. Age at first marriage was calculated by subtracting the year of birth from the year of the first marriage. We included both the linear and quadratic forms of age at first marriage in order to understand potential nonlinear patterns. In our additional analysis (not shown but available upon request), we also coded age at first marriage as a categorical variable with various cutoff points; the results were generally consistent with the patterns reported in the paper. Detailed frequencies of age at first marriage categories are shown in Table A1 in Appendix A.
CVD and cancer. We focused on CVD and cancer because they are the top 2 leading causes of death in the United States, and they are directly affected by social behavioral factors and become increasingly prevalent at older ages [19, 20] . During the in-home interviews, all NSHAP respondents were asked whether they had ever been told by a medical doctor that they had had a heart attack, heart failure, or stroke. Respondents who reported any of these CVD events were coded as 1, and all others were coded as 0. Respondents were also asked whether they had ever been told by a medical doctor that they had any type of cancer (1 = yes, 0 = no).
Control covariates. We controlled three types of covariates which may be related to both age at first marriage and the risk of CVD and cancer: socioeconomic status (SES), family characteristics, and demographic covariates. We included two measures of SES: education (1 = some college or higher degree, 0 = others) and family income (i.e., self-assessment in comparison to average Americans: below average (reference), average, above average and missing reports). We considered a number of indicators of family characteristics and transitions including current marital status (1 = unmarried, 0 = married), ever divorced (1 = yes, 0 = no), number of children (0 (reference), 1-3, 4 or more, and missing), and age at child's first birth (younger than 20 (reference), 20-24, 25-29, 30 and older, and missing). In terms of demographic covariates, we controlled for age (57-64 (reference), 65-74, and 75-85), race/ethnicity (non-Hispanic white (reference), non-Hispanic black, Hispanic, and other), currently smoke (1 = yes, 0 = no), currently drink alcohol (1 = yes, 0 = no), physical exercise (1 = exercise more than three times per week, 0 = others), and body mass index (BMI). BMI was measured as a categorical variable with five categories: normal or underweight (BMI < 25, reference), overweight (25 ≥ BMI < 30), obese (30 ≥ BMI < 40), morbidly obese (BMI ≥ 40), and missing (WHO Expert Committee 1995). We stratified all analyses by gender. All control covariates were measured in Wave 1.
Statistical Methods
We applied the lagged dependent variable approach to predict the risk of CVD and cancer, respectively, at Wave 2, using the age at first marriage reported at Wave 1 and by controlling Wave 1 risk of CVD and cancer. We ran four logistic regression models. In the baseline model, we examined the relationship between age at first marriage and CVD or cancer, controlling for basic demographic and health behavior-related covariates. The second model added SES covariates in addition to the controls in the baseline model to determine whether SES explains the relationship between age at first marriage and later health. The third model included family characteristics and transitions variables in addition to the controls in the baseline model to understand whether family characteristics and transitions account for the association. In the final full model, we added all covariates. Because the results showed no substantive differences in the patterns observed in the second and third models in comparison to the final full model, we only report results from the baseline models and the full models. Because the literature on marriage and health has found important and longstanding differences between men and women [18, 20] , we stratified all analyses by gender. Results from t-tests (not shown but available upon request) suggest that all key gender differences were statistically significant at the level of p < 0.001. Table 1 includes the weighted descriptive statistics for all analyzed variables for men and women. These results show that the average age at first marriage is older for men than for women (23.72 vs. 21.09). In Wave 2, on average, men showed a higher prevalence of CVD (22.02% vs. 14.40%) and cancer (29.23% vs. 20.97%) than women. Tables 2 and 3 show the estimated odds ratios of age at first marriage for predicting CVD and cancer for men and women, respectively. The significant effect of the quadratic term of age at first marriage in the baseline model of Table 2 suggests that, for men, there is a significant nonlinear relationship between age at first marriage and risk of CVD and cancer. Results from the full model in Table 2 suggest that the significant nonlinear relationship between age at first marriage and cancer remained unchanged after controlling for SES and family transition covariates. The nonlinear effect of age at first marriage on CVD was reduced to marginal significance when SES and family transition covariates were included. The results of the full model of Note: BMI = Body Mass Index; W1 = Wave 1; W2 = Wave 2. * p < 0.05 between the results of men and women. The significance tests were based on two-tailed t-tests for continuous variables and two-tailed tests of proportions for categorical variables using Stata [14] . The test of proportion was a hypothesis test on the equality of proportions of two samples. Specifically, it compared the specific proportions between the male and female subsamples. Note: Robust standard errors in parentheses. Two-tailed t-tests for individual coefficients: * p < 0.05; ** p < 0.01; *** p < 0.001; + p < 0.1.
Results
To better illustrate the nonlinear patterns, we graphically present the results of cancer from the full model for men in Table 2 . Figure 1 illustrates the relationship between age at first marriage and risk of cancer. We see that the odds of reporting cancer steadily decrease until the men's age at first marriage reaches around the early 30s and then begin to increase with age at first marriage after the early 30s. Strikingly, the odds of reporting cancer were dramatically higher among men who first married after their 40s.
Interestingly, for women, as shown in Table 3 , age at first marriage was not related to either CVD or cancer in all models. Additional analyses (results not shown but available upon request) that excluded the squared term of age at first marriage also revealed no significant linear relationship between age at first marriage and CVD/cancer for women.
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Discussion and Conclusions
This study adds to a small but growing literature on the link between the timing of first marriage and physical health in later life [13, 21, 22] . We found a nonlinear relationship between age at first marriage and the risk of CVD and cancer among men but not women, holding constant the effects of age, race/ethnicity, health behaviors, and baseline health outcomes. Specifically, both early and-more strikingly-late first marriages were associated with a higher risk of CVD and cancer for men in later life (relative to first marriages between the mid 20s and the early 30s). This finding is consistent with several recent studies indicating that early first marriage, especially teenage marriage, is more detrimental to men's physical health and survival than to women's in both the United States [9, 21, 23 ] and other countries [22] . However, as far as we know, the current study is one of the first to find negative physical health outcomes related to very late first marriage (after age 30, and more dramatically, after age 40) for men. Our results suggest escalating risks of experiencing CVD and cancer for men who first marry after age 40. In addition, we found that after we controlled for SES and family characteristics and transitions, the relationship between age at first marriage and risk of cancer remained robust, but the association between age at first marriage and CVD risk was no longer statistically significant. This suggests that SES and family characteristics are potentially mediating variables that account for the negative effects of early and late marriage on men's CVD risk. However, the etiology of cancer seems more complex, and none of our SES or family variables were associated with cancer risk. Future research needs to examine other factors, such as family history of cancer and occupation types as potential factors to explain the relationship between age at first marriage and cancer risk.
We speculate that men in our sample who got married at older ages might have faced strong social pressure to get married and their lives might have been quite stressful compared to men who married younger because their marital timing did not conform to social norms of the time. The stress of being "off-time" in entering marriage may have negative effects on men's mental health [7] and could also lead to unhealthy behaviors, such as smoking and drinking, as coping strategies, all of which can Geriatrics 2018, 3, 27 9 of 10 increase the risk of CVD and cancer. It is also possible that the selection of healthier men into their first marriages in their late 20s (rather than either much younger or much older ages) may explain some of our findings. Moreover, it has long been argued that married men receive more health benefits from their marriage than married women do, because wives are more likely to provide emotional support and regulate health behaviors for their husband, whereas men are more likely to receive such benefits from their wife [24] . Men who marry at very late ages may not receive such health benefits from marriage, which may explain the finding of men's poor health related to late age at marriage. Surprisingly, we did not find any significant associations between the age at first marriage and the risk of CVD and cancer for women. We suspect that the lack of association between age at first marriage and late-life health conditions for women may be unique to this cohort of women in our sample (who were born in the 1940s or earlier). Due to their limited opportunities for pursuing higher education and careers in combination with a social norm of women getting married in their early twenties [4] may have meant that the effect of marital timing on education and labor force participation (thus on health) was not as significant as it is for women in more recent cohorts.
Although we were not able to provide direct evidence about the specific mechanisms underlying the association between marital timing and late-life disease development, this study makes a significant contribution to a growing body of literature on marital timing and chronic disease in later life. Using nationally representative longitudinal data from men and women in the United States, we found that both very early and very late first marriages were significantly associated with higher risks of CVD and cancer among older men, while marital timing was not associated with the risk of CVD or cancer among older women. We note that marital timing may have different social and economic consequences for the focal cohort than for more recent birth cohorts, and the findings may not be generalizable to younger cohorts. Given the high prevalence of chronic conditions among older adults, future research should continue to identify risk factors-not only downstream behavioral and biomedical factors but also upstream social factors associated with developing such conditions in order to promote healthy aging and preserve health-related quality of life for the elderly.
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